ABSTRACT The analysis of a large census of dung beetles from the southern Alps (108 samples; 85,478 specimens belonging to 59 species) showed that 1) elevation and vegetation type (Mediterranean versus temperate) greatly inßuenced the assemblage composition, 2) spatial factors have a greater effect than monthly variability, and 3) exposure (north versus south) is a stronger determinant than vegetation structure (grasslandÐsemi-open habitatÐforest). Environmental heterogeneity results in different assemblages dominated by related species: Scarabaeinae dominate during spring and summer on south-facing nonwooded habitats; and Aphodiinae dominate from spring to autumn on north-facing slopes and in forests, but on south-facing slopes only in autumn. Scarabaeinae species have similar spatiotemporal distributions; thus, it can be assumed that this subfamily is restricted in space and time by thermal sensitivity. The colonization of high elevations by small tunnelers is due to a few species that have a broad tolerance of environmental conditions. In contrast, the temporal distribution of Aphodiinae is highly segregated, and these beetles occupy a variety of habitats because of their specialization. Analysis shows the distribution of species belonging to different subfamilies is most related to biological requirements rather than interspeciÞc competition.
elevation with northern species-poor assemblages composed of cold-adapted taxa, especially Aphodiinae. However, a more accurate study of dung beetle assemblages has shown high differences between massifs (Martṍn-Piera et al. 1992; Jay-Robert et al. 1997 Errouissi et al. 2004b) . Southern massifs contain fauna with a lower number of species related to low elevation fauna (vertical colonization model). In contrast, central massifs (typically the Alps) contain fauna composed of species with origins different to those in lowlands (horizontal colonization model) (Jay-Robert et al. 1997; Lobo and Halffter 2000) . In southwestern Alps the altitudinal segregation between Scarabaeinae (lowland) and Aphodiinae (highland) is associated with slope segregation; this is due to Mediterranean inßuences on south-facing slopes (Errouissi et al. 2004b ). Up to 2,000 m in elevation, Scarabaeinae species (especially Onthophagus genus) largely dominate summer dung beetle assemblages of Mediterranean grasslands, whereas Aphodiinae are in the majority on north-facing sites with medio-European vegetation (Ϸ2ЊC difference in mean temperature; Douguedroit 1976) . This dual taxonomical domination of dung beetle assemblages corresponds to broad differences in the ecophysiological requirements of Scarabaeinae and Aphodiinae, the former subfamily contains more thermophilous species (Hanski 1986 (Hanski , 1991a Lumaret and Kirk 1991; Lobo et al. 2002 Lobo et al. , 2004 . The contrast diminishes in September when most Scarabaeinae beetles suspend their activity and a few autumnal Aphodiinae species emerge.
Within the altitudinal range where substitution of Scarabaeinae by Aphodiinae was studied (from 1,500 to 2,000 m), the southwestern Alps landscape consists of a mosaic of herbaceous, shrubby, and forest habitats (Errouissi et al. 2004b ). Forests were planted extensively at the end of the nineteenth century to combat erosion and to limit the extension of badlands (Douguedroit 1976) , and they were grazed to maintain traditional agricultural activity. In the twentieth century, however, agriculture was abandoned and shrubs extended into those grasslands that were insufÞciently grazed. As a consequence, today grazing occurs in forests, shrubland, and grassland habitats. These changes are likely to have consequences for dung beetle assemblages because most of the western Palaearctic dung beetles prefer open landscape (Hanski 1991b; Galante et al. 1995; Kadiri et al. 1997) . In Europe, dung beetles are insensitive to vegetation structure per se, but they are sensitive to microclimatic conditions relating to the structure of vegetation (Martṍn-Piera et al. 1992 , Menéndez and Gutiérrez 1996 , Romero-Alcaraz and Avila 2000 , Menéndez and Gutiérrez 2004 . Studies conducted in the Mediterranean lowland region reveal many Aphodiinae and Geotrupinae are stenoecic species, whereas Scarabaeinae have a good tolerance to the degree of openness Lobo and Martṍn-Piera 1999) . Aphodiinae were particularly scarce in forest (Lumaret and Kirk 1991; Lobo et al. 1997; Romero-Alcaraz and Á vila 2000) .
The present work analyses the inßuence of environmental heterogeneity in southwestern Alps on Aphodiinae and Scarabaeinae. Heterogeneity is considered both in space (elevation, exposure, and structure of vegetation) and time (monthly differences during the springÐautumn period). Our hypothesis is that environmental Þltering induces a very close spatiotemporal distribution of both Aphodiinae and Scarabaeinae species (Webb et al. 2002 , Errouissi et al. 2004b . Analysis of the whole environmental heterogeneity also allows a comparison of the dominance of Geotrupinae species in the western Alps, and the eastern Pyrenees (Jay-Robert et al. 2003) . Because a cluster distribution of related species will indirectly reveal which assemblages are mostly structured by ecophysiological constraints (corresponding to phylogenetically conserved traits; Lobo and Halffter 2000) rather than competition (Webb et al. 2002) , a consideration of the efÞciency of competition in the setting up of regional dung beetle fauna is considered.
Materials and Methods
Sampling Design. Dung beetle assemblages were sampled in the Verdon valley, southern Alps (Fig. 1) . Five sites were selected using a combined analysis of vegetation (Archiloque et al. 1980; Barbero et al. 1977, unpublished data, unpublished maps of the Forest National OfÞce) and of grazing activity (unpublished data collected from the Centre dÕEtudes et de Ré alisations Pastorales Alpes-Mé diterrané e, from local farmers, the National Park of Mercantour and the Forest National OfÞce, available upon request from authors). The selected sites were representative of the dynamics of regional vegetation, particularly of the contrasting differences between Mediterranean and temperate inßuences (mainly related to southern vs. northern exposures) along the altitudinal gradient, and the history of pastoral activity (e.g., sheep grazing). Sites were distributed along a 970-m elevational gradient: site A (1,060 m) represented low montane, sites B (1,520 m) and D (1,670 m) represented medium montane, and sites C (2,030 m) and E (2,020 m) represented high montane. Sites A, B, and C had a supra-Mediterranean vegetation type, indicating warm bioclimatic inßuences, whereas sites D and E had medio-European vegetation corresponding to cooler bioclimatic conditions (i.e., temperate). In the study area, medio-European vegetation does not occur at low elevations (Archiloque et al. 1980; Barbero et al. 1977 Barbero et al. , 1990 . Because the elements of vegetation (Mediterranean versus temperate) provide both local climatic and soil information, we did not use the physical variables (e.g., temperature, luminosity) or soil description in the analysis.
All sampled sites have been traditionally grazed for Ͼ10 yr by sheep. Site A was grazed by a 600-head ßock from 15 December to 15 January and from 15 May to 15 June. Site B was regularly visited by a 400-head ßock from April to November. Site C was grazed by a 1,700 head ßock in SeptemberÐOctober before the sheep are moved down the valley. Site D was crossed by Ϸ3,850 sheep (several ßocks) both in JuneÐAugust when sheep go up to mountain pastures and in October when they go down the valley. Site E was regularly visited by a 1,200 head ßock from July to October.
Sites A, B, and D were sampled monthly from May to October, site C from June to October, and site E from July to October of 1995. In May and June, permanent snow cover prevented us from having access to the highest sites (C and E). Sampling was conducted for 1 wk each month. Although samplings were not replicated over multiple years, a recent study conducted in the French Mediterranean region at low elevation show a remarkable consistency in the relative abundance of dung beetle species from one year to the next (JayRobert et al. 2008) .
We categorized the structure of local vegetation and collected beetles from four plots at each site. These plots represented dominant habitat types (open, semi-open, and forest), and we captured additional heterogeneity unique to each site (i.e., short versus high shrublands, dark pine forest vs. open larch forest). Local habitats were identiÞed by 1) the analysis of vegetation and pasture maps, 2) discussion with Þeldworkers (e.g., farmers, foresters), and 3) a Þeld survey. Vegetation structure within each plot was categorized along two perpendicular 75-m transects into six vegetation height classes (0 Ð20, 21Ð50, 51Ð100, 101Ð 200, 201Ð500, and Ͼ500 cm). Height of vegetation was measured at the point of intersection with a 5-m stick held vertically at 0.5-m intervals along 75-m transects. For each plot, the measures of the two transects were summed and the vegetation structure was described by two indices: 1) the "congestion," that is, the percentage of vegetation (versus empty space) between 21 and 500 cm (i.e., the volume of bushes); and 2) the "cover," that is, the percentage of vertical lines (from the 51Ð100-cm class to the Ͼ500-cm class) with vegetation (vs. visible sky, i.e., absence of vegetation Ͼ50 cm). The distribution of each plot among the three main types of habitats was determined by the congestion and cover values: grassland, i.e., open habitat, corresponded to congestion and cover Ͻ10%; shrubland or wooded grassland, i.e., semi-open habitat, corresponded to congestion Ն10% and/or to cover Ն10% and Ͻ 66%; and forest corresponded to cover Ն66%. This method (investigation and measure) enabled to effectively characterize each plot and conÞrm the typology deduced from maps. Finally, the sampled plots were 1) site A: one grassland plot, three semiopen plots (two shrublands, one wooded grassland); 2) site B: one grassland plot, two semi-open plots (one shrubland, one wooded grassland), one forested plot; 3) site C: one grassland, one shrubland and two forested plots; 4) site D: one grassland plot, two wooded grasslands, one forested plot; and 5) site E: two grasslands and two forested plots. In total, 108 samples were collected (four plots ϫ 6 mo ϭ 24 assemblages at each A, B, D sites; four plots ϫ 5 mo ϭ 20 assemblages at site C; four plots ϫ 4 mo ϭ 16 assemblages at site E).
Four baited pitfall traps were set up at each plot, spaced 10 m apart. Beetles collected from the four traps were pooled and statistically treated as a single sample (i.e., assemblage). Pitfall traps remained at the same location throughout the sampling period. The pitfall design was the Cebo-Suspendido-Rejilla (CSR) model described in Lobo et al. (1988) and Veiga et al. (1989) . Each trap consisted of a plastic basin (210 mm in diameter), buried to its rim in the soil, containing a waterÐformalinÐliquid soap mixture. Fresh cattle dung (500 g) was placed on a wire grid over the mouth of the basin. Lobo et al. (1998) demonstrated that at both regional and local scales using up to four pitfall traps allows collection of most of the species present at a site. Dormont et al. (2004) and Errouissi et al. (2004a) showed the use of cattle dung as bait improves the efÞciency of CSR traps. The contents of traps were collected after 1 wk, and fresh dung baits were set out 3 wk later for a new sampling period. All specimens were identiÞed in the laboratory (nomenclature: http://www.faunaeur.org/). Statistical Analysis. Each assemblage was characterized by four categorical environmental and temporal variables: elevation, bioclimatic inßuence, vegetation structure, and month. For elevation, three classes were distinguished: 1,000 m (low elevation, altitude 1,000; site A), Ϸ1,500 m (medium elevation, altitude 1,500; sites B and D), 2,000 m (high elevation, altitude 2,000; sites C and E). Two opposed bioclimatic inßuences were distinguished: Mediterranean (medit, A, B, C) versus temperate (temperate, D, E). Three habitats were described: openÐ grassland, semi-open (shrubland or wooded grassland), and forest. Months were from May to October. The sampling design and its description by the four variables were expected to describe the whole environmental heterogeneity modifying the composition and the structure of local dung beetle assemblages.
A two-step multivariate analysis was developed. First, three correspondence analyses (CAs) were computed, respectively, for open, semi-open and forest habitats, with the relative abundance of subfamilies. Each CA produced a two-dimensional scatter plot highlighting the dominance patterns. We arbitrarily considered that an assemblage was dominated by a dung beetle subfamily (Geotrupinae, Aphodiinae, or Scarabaeinae) when Ͼ70% of beetles belonged to this subfamily. In such a case, the assemblage was mainly composed by closely related species and showed a high phylogenetic homogeneity. However, assem-blages where no subfamily composed 70% of beetles were considered phylogenetically heterogeneous. A chi-square test was used to detect possible relationship between dominance, i.e., phylogenetic homogeneity, and the four environmental and temporal variables (elevation, bioclimatic inßuence, habitat, and month).
The aim of the second step concerned the characterization of ecological niches. Due to high idiosyncrasies (e.g., in behavior, physiology) and marginal abundances (only two species with 294 and Þve specimens, respectively; Annex), Scarabaeinae rollers (Scarabaeini) were considered separately. Consequently, the four studied groups were Aphodiinae (mainly dwellers), Geotrupinae (tunnelers), Scarabaeinae tunnelers (Oniticellini and Onthophagini), and Scarabaeinae rollers. The faunistic data set consisted of a matrix of 59 species from 108 assemblages. Species abundance data were log transformed. CA and canonical correspondence analysis (CCA) were used to analyze the relationships between species and the environmental variables (Ter Braak 1986 , 1987 Legendre and Legendre 1998) . Contrary to CA, CCA is a very robust method with regard to rare species (Lebreton et al. 1988a (Lebreton et al. , 1988b . Comparison between the results of CA and CCA (total inertia, eigenvalues) allows an estimation of the relevance of CCA results (Ter Braak, 1986 , 1987 Lebreton et al., 1988a,b; Sabatier et al., 1989) . CCA eigenvalues are best interpreted as squared canonical correlation coefÞcient rather than explained inertia (Lebreton et al. 1988a,b; Ter Braak, 1986 , 1987 .
CCA and derived statistics allowed both to characterize the distribution of beetles (e.g., habitat, season) and to analyze co-occurrence patterns. This double result, that is very useful in ecological studies, could not be performed by null model analyses focusing only on coexistence studies.
The distribution of species among groups (Aphodiinae dwellers [AD], Geotrupinae tunnelers [GT], Scarabaeinae tunnelers [ST] , Scarabaeinae rollers [SR]) was used afterward to characterize the temporal activity of each group. Both CA and CCA analyses were performed with prAXIS 2.0 software (Praxème 1995) .
From the results of CCA, we obtained derived statistics. The mean score, for each group, for the axes 1 and 2 of CCA, respectively, was computed as follows:
where n i is abundance of species I, x i is score of the species i on the corresponding axis, and n is total abundance of species belonging to the group. This use of a weighted average is in accordance with the "invariance principle" inherent in CA and related methods: the resulting score is what the group would have if inserted in the analysis in a passive manner as the sum of its species abundance. In CCA, the ordination axes are constrained to linear combinations of environmental variables, the mean score of each group (along each axis) was an estimate of its global ecological requirements (Ter Braak, 1987) .
The standard deviation of the scores for each group along axis 1 and along axis 2, respectively, was computed as follows:
with n i is abundance of the species i,. n is total abundance of species belonging to the group, x i is score of the species i on the corresponding axis; and X is mean score of the group (previous formula). The standard deviation is an estimate of the ecological tolerance of each group (Chessel et al. 1982) .
The standard error of the scores for each species along axis 1 and along axis 2, respectively, was computed as follows:
where n i is abundance of the species in the sample I, n is total abundance of the species, x i is coordinate of the sample i, and x is coordinate of the species. The standard error was an estimate of the ecological range occupied by the species (Chessel et al. 1982) .
Nonparametric MannÐWhitney tests were used to comparisons functions of scores (such as distances between related and unrelated species and standard error of species). Although these tests are approximate because of the slight lack of independence between scores inherent to CCA, their results were clear-cut enough to make them reliable.
Results
We trapped 85,478 beetles belonging to 59 species during the MayÐOctober period: six Geotrupinae, 35 Aphodiinae, 18 Scarabaeinae (16 tunnelers and two rollers).
Phylogenetic Homogeneity of Assemblages. The three CAs computed, respectively, for open, semi-open, and forest habitats with the relative abundance of subfamilies (Figs. 2Ð4) showed a similar pattern: axis 1 opposed the assemblages dominated by Aphodiinae to those dominated by Scarabaeinae, whereas axis 2 allowed to distinguish assemblages with higher Geotrupinae abundance (maximum 7% of specimens in open habitat, 22% in semi-open habitat, and 28% in forest habitat).
In open habitat, 10 of 17 assemblages sampled in Mediterranean vegetation (sites AÐC) were largely dominated by Scarabaeinae (70 Ð95% of specimens), whereas Aphodiinae dominated 12 of 14 assemblages located in temperate vegetation (up to 98% of specimens). In only seven assemblages of 31 (23%) was no subfamily predominant. Two-thirds of assemblages from Mediterranean semiopen habitats (shrublands and wooded grasslands) were dominated by Scarabaeinae (22 assemblages of 35). Aphodiinae dominated half of assemblages located in temperate vegetation (six of 12), and all the autumnal assemblages from the Mediterranean site C. Seventeen assemblages of 47 (36%) were never dominated by Scarabaeinae nor by Aphodiinae (12 in Mediterranean sites, six in temperate sites).
In forest, Scarabaeinae dominated only in four of the 16 assemblages sampled in Mediterranean sites. Conversely, Aphodiinae dominated in 11 of the 14 assemblages sampled in temperate sites and seven assemblages from Mediterranean sites. Eight assemblages of 30 (27%) were not dominated by any sub-family (three in Mediterranean sites, Þve in temperate sites).
Dominated assemblages showed signiÞcantly a higher number of specimens than the nondominated assemblages (on average, 956 vs. 401, respectively; n 1 ϭ 76, n 2 ϭ 32, U ϭ 870.5, P ϭ 0.02). Neither the bioclimatic inßuence (Mediterranean versus temperate; 2 ϭ 0.05, df ϭ 1, P ϭ 0.82), nor the type of habitat (open, semi-open, forest; 2 ϭ 2.54, df ϭ 2, P ϭ 0.28), nor the season (spring, summer, autumn; 2 ϭ 4.86, df ϭ 2, P ϭ 0.09) signiÞcantly modify the importance of domination of assemblages by Aphodiinae or Scarabaeinae (Table 1) . But the elevation (low, medium, high) did show a signiÞcant inßuence on dominance pattern ( 2 ϭ 7.62, df ϭ 2, P ϭ 0.02): assemblages were less frequently dominated by a subfamily at medium elevation (sites B and D, Ϸ1,500 m) but more frequently at high elevation (sites C and E, Ϸ2,000 m).
Ecological Niches of Dung Beetle Groups. CA performed with 59 species ϫ 108 assemblages matrix showed high faunistic contrasts among samples (sum of eigenvalues ϭ 3.367; canonical correlations r 1 ϭ 0.779; r 2 ϭ 0.595). The comparison between CA and CCA results showed that the environmental variables largely inßuenced the faunistic composition (ratio for sums of eigenvalues CCA/CA ϭ 0.466). Along axis 1 (37.11% of the variance) and axis 2 (19.19%) of CCA, the faunistic contrasts were almost entirely explained by the environmental variables (elevation, bioclimatic inßuence, habitat, month; r 1CCA /r 1CA ϭ 0.979; r 2CCA / r 2CA ϭ 0.928).
The highest correlations with axis 1 occurred for alt1000 (r ϭ 0.849), medit (r ϭ 0.644), temperature (r ϭ Ϫ0.644) and alt2000 (r ϭ Ϫ0.569) ( Table 2 ). The highest correlations with axis 2 occurred for months (especially October; r ϭ Ϫ0.860). Axis 2 distinguished the springÐsummer species (positive correlations) and the autumnal species (negative correlations), and it can be assumed that this axis largely represented a temporal dimension complementing the axis 1 (spatial dimension).
Aphodiinae, Geotrupinae, and Scarabaeinae tunnelers and Scarabaeinae rollers were successively ordered along axis 1 (from negative to positive pole) (Table 3 ; Fig. 5 ). Aphodiinae, Geotrupinae, and Scarabaeinae tunnelers showed overlapping distributions. The two roller species were close together, at the positive pole (mean score Ͼ1.1).
Rollers, Aphodiinae, Scarabaeinae tunnelers, and Geotrupinae (Table 3 ; Fig. 5 ) were successively ordered along axis 2 (from negative to positive pole). Aphodiinae showed a very large range of distribution (SD Ͼ 0.7). Along axis 1, the mean distance within groups was higher for Geotrupinae and Aphodiinae (1.18 and 0.92, respectively) than for Scarabaeinae tunnelers and Scarabaeinae rollers (0.56 and 0.11, respectively) ( Table 3 ). The MannÐWhitney tests showed the following: 1) no difference between Geotrupinae and Aphodiinae (n 1 ϭ 15, n 2 ϭ 595, U ϭ Dominated assemblages  46  29  25  30  21  19  28  29  17  28  31  Nondominated assemblages  21  12  6  17  9  9  12  11  7  20  5 3519, P ϭ 0.162); and 2) highly signiÞcant differences both between Geotrupinae and Scarabaeinae tunnelers (n 1 ϭ 15, n 2 ϭ 120, U ϭ 461, P ϭ 0.002) and between Aphodiinae and Scarabaeinae tunnelers (n 1 ϭ 595, n 2 ϭ 120, U ϭ 23205, P Ͻ 0.0001). For rollers (two species), data were insufÞcient to allow statistical tests. Similar results were observed along axis 2, tests showed the following: 1) there was no difference between Geotrupinae (1.03) and Aphodiinae (1.14) (n 1 ϭ 15, n 2 ϭ 595, U ϭ 4332, P ϭ 0.847); 2) Scarabaeinae tunnelers (0.28) showed lower distances than Geotrupinae (n 1 ϭ 15, n 2 ϭ 120, U ϭ 398, P ϭ 0.0004) and Aphodiinae (n 1 ϭ 120, n 2 ϭ 595, U ϭ 16788, P Ͻ 0.0001); and 3) for rollers (0.28) statistical comparisons were impossible. For Scarabaeinae the distances between species showing similar resource utilization behaviors were 2Ð7 times lower than the distances from species belonging to other taxonomic groups (Table 3) . MannÐ Whitney tests revealed highly signiÞcant differences for tunnelers along both axes (n 1 ϭ 120, n 2 ϭ 688; axis 1: U ϭ 24941, P Ͻ 0.0001; axis 2: U ϭ 24718, P Ͻ 0.0001), but tests could not be performed for rollers (insufÞ-cient data). For Geotrupinae, distances between related and unrelated species showed no statistical difference along axis 1 (n 1 ϭ 15, n 2 ϭ 318, U ϭ 2188, P ϭ 0.589) and along axis 2 (n 1 ϭ 15, n 2 ϭ 318, U ϭ 2128, P ϭ 0.481). Aphodiinae showed opposite patterns along axis 1 and axis 2: the distances were lowest between related species along axis 1 (n 1 ϭ 595, n 2 ϭ 840, U ϭ 232258, P ϭ 0.023), but highest along axis 2 (n 1 ϭ 595, n 2 ϭ 840, U ϭ 216457, P Ͻ 0.0001).
Along axis 1 the standard errors of species were very similar for Aphodiinae, Scarabaeinae tunnelers, and Geotrupinae (Table 3 ; MannÐWhitney test for A-S comparison: n1 ϭ 35, n2 ϭ 16, U ϭ 262, P ϭ 0.715; for A-G: n1 ϭ 35, n2 ϭ 6, U ϭ 88, P ϭ 0.531; and for G-S: n1 ϭ 6, n2 ϭ 16, U ϭ 42, P ϭ 0.658). The value was lower for Scarabaeinae rollers, but statistical comparisons were impossible. Along axis 2, the standard error was higher for Geotrupinae (0.95) than for Aphodiinae (0.48) and Scarabaeinae tunnelers (0.46) (MannÐ Whitney test for G-A comparison: n1 ϭ 6, n2 ϭ 35, U ϭ 36, P ϭ 0.011; for G-S: n1 ϭ 6, n2 ϭ 16, U ϭ 10, P ϭ 0.005; for A-S: n1 ϭ 35, n2 ϭ 16, U ϭ 270, P ϭ 0.839). Rollers showed an intermediate value (0.67).
Discussion
Analysis of the spatiotemporal distribution of species within Aphodiinae, Geotrupinae, Scarabaeinae tunnelers, and Scarabaeinae rollers showed the variation in dung beetle assemblages was more strongly related to space (elevation and exposure) than to seasons (across spring, summer, autumn). The Þrst axis of CCA opposed low elevationÐMediterranean vegetation, on one hand, to high elevationÐtemperate vegetation, however. For dung beetles, Mediterranean and temperate inßuences (revealed by the vegetation type) can be compensated by elevation (north vs. south exposure induces a 2ЊC difference in the mean temperature corresponding approximately to a 400-m change in elevation; Douguedroit 1976) , and the diversity of species allows them to exploit most of available conditions (beetles were observed in each site every month). In the European mountain ranges, a similar balance was generally observed between elevation and habitat; dung beetles are insensitive to vegetation structure per se, but they are sensitive to climatic conditions relating to the structure of vegetation (Martṍn-Piera et al. 1992 , Mené ndez and Guti-é rrez 1996, Romero-Alcaraz and Avila 2000, Mené ndez and Gutié rrez 2004). The peculiarity of the southwestern Alps resides in the preeminence of exposure effect on habitat (grasslandÐsemi-openÐfor- est), and in the appearance of original assemblages in south-facing sites (Errouissi et al. 2004b ). Moreover, these assemblages seemed analogous to the Mediterranean vegetation levels that characterize regional ßora (Douguedroit 1976; Barbero et al. 1977 Barbero et al. , 1990 Archiloque et al. 1980) . Undoubtedly, environmental Þltering plays a fundamental role in the southwestern Alps, because 70% of the sampled assemblages were dominated either by Scarabaeinae or by Aphodiinae. Moreover, nondominated assemblages showed lower abundance, it may be assumed some of them result from biased sampling (e.g., bad weather conditions).
Filtering seemed strongest at highest elevations (86% of assemblages were composed of Ͼ70% related species) and minimum at medium elevations (58% of assemblages with Ͼ70% related species). The exposure (Mediterranean versus temperate inßuences) had no effect on the intensity of environmental Þl-tering; thus, the expectations is that for a double climatic stress to occur: at low montane level, truly Mediterranean conditions with dryness; at high montane level, frost, softened but associated with dryness and high thermal contrasts in south-facing slopes (Douguedroit 1976) . The weaker effect of environmental Þltering occurred at medium elevations under both Mediterranean and temperate inßuences, and this could correspond to intermediate climatic conditions. Scarabaeinae dominate in two thirds of the open and semi-open habitats under Mediterranean inßu-ences. Scarabaeinae favored Mediterranean inßu-ences, but they were not affected by the extension of shrub. Aphodiinae prevail in Ϸ80% of open and forest habitats under temperate inßuences. This domination was less systematic in semi-open habitats (50%), but it should be noted that semi-open habitats under temperate inßuences only occur at medium elevation, i.e., at the intermediate level where environmental Þlter-ing was less efÞcient (see above). Consequently, it can be assumed that the global dichotomy between southfacing assemblages where Scarabaeinae prevail and north-facing assemblages dominated by Aphodiinae are related to both open and semiopen habitats. The extension of forest in south-facing slopes provides an advantage to Aphodiinae (dominate in Ϸ45% of assemblages) to the detriment of Scarabaeinae (dominate in Ϸ25% of assemblages). This result agrees with the segregation observed on the Italian slopes of southwestern Alps between Scarabaeinae and Aphodiinae (Barbero et al. 1999) , but it contrasts with observations from lowland habitats where Scarabaeinae show a good tolerance to open landscape and Aphodiinae are dramatically reduced in woodland habitats (Lumaret and Kirk 1991 , Lobo and Martṍn-Piera 1999 , Romero-Alcaraz and Á vila 2000 . The extension of Aphodiinae in south- facing slopes, helped by forest habitats, can be interpreted as a consequence of the mild inßuence of arboreal cover on local climatic conditions (lower contrasts, higher humidity).
Forest habitats also favor Geotrupinae, but these beetles never reach 30% of trapped dung beetles. Consequently, Geotrupinae population densities were much smaller than those observed in the eastern Pyrenees (Jay-Robert et al. 2003) and in the Massif Central (P.J.-R., unpublished data). The low abundance of Geotrupinae in southwestern Alps might be due to the relative aridity of this massif: the annual number of days on which it rained or snowed was Ͻ100 and the annual insolation was Ͼ2,600 hours (Serryn and Blasselle 1970) . In comparison, for the eastern Pyrenees and Massif Central, rain or snow occurred Ͼ150 d/yr and the annual insolation was Ͻ2,400 h (Serryn and Blasselle 1970) . Such relative aridity could affect Geotrupinae directly or indirectly, through the lower availability of mushrooms, the Þrst trophic resource for many Geotrupinae, especially forest species Anoplotrupes stercorosus (Scriba).
Aphodiinae had a wider range of distribution (both in space and time), whereas Scarabaeinae rollers were very closely distributed, and Scarabaeinae tunnelers and Geotrupinae showed intermediate patterns. For each group, the range of distribution was an estimate of the relative degree of adaptation to the heterogeneity of regional environment. Therefore, the better a group was adapted to cold conditions (high elevation, temperate inßuences), the larger was its spatiotemporal distribution in the study region. For a group, the adaptation to a wide range of environmental conditions can be the combined result of 1) a high number of species, 2) large differences between species niches, and 3) wide breadth of species niches.
The broad distribution of Aphodiinae was based on their large number of species (35 species, i.e., 59% of total trapped species) and on marked differences among species. Geotrupinae and Scarabaeinae tunnelers presented intermediate ranges of distribution, which masked very different characteristics. Geotrupinae species were few, but species had very different distributions, whereas Scarabaeinae tunnelers were more numerous and more similar in their spatiotemporal distribution. The very narrow distribution of Scarabaeinae rollers corresponds to a small number of similar species. Consequently, it can be assumed that Aphodiinae and Geotrupinae, with their different spatiotemporal distributions, are in stark contrast to the homogeneous Scarabaeinae subfamily. The similar distribution of most Scarabaeinae tunnelers, in particular, generated densely populated spring and summer dung beetle assemblages in south-facing sites (Errouissi et al. 2004b ). Lobo and Martṍn-Piera (1999) showed that in the Iberian Peninsula the species number increment rate to increasing area was higher for Aphodiinae and Geotrupinae than for Scarabaeinae. This means at a geographical scale effects of the habitat heterogeneity on species richness was more pronounced for Aphodiinae and Geotrupinae than for Scarabaeinae (Lobo and Martṍn-Piera 1999) . A similar pattern occurred along the elevational gradient studied in the southwestern Alps: along axis 1 of CCA there was no relationship between the location of a species and its standard error both for Aphodiinae and Geotrupinae (Spearman rank correlation: rs ϭ Ϫ0.119, n ϭ 35, P Ͼ 0.05 and rs ϭ 0.086, n ϭ 6, P Ͼ 0.05, respectively), whereas such a relationship clearly occurred for Scarabaeinae tunnelers (rs ϭ Ϫ0.856, n ϭ 16, P Ͻ 0.001) (insufÞcient data for rollers). Therefore, the colonization of high elevation and cold temperate habitats by dung beetles resulted, on the one hand, from the specialization of some Aphodiinae and Geotrupinae species (Lumaret and Stiernet 1994, Jay-Robert et al. 1997) ; but, from a few Scarabaeinae tunnelers with broad ecophysiological tolerances (mainly Onthophagus baraudi and O. fracticornis).
Closer spatial distributions were observed within Aphodiinae, Scarabaeinae tunnelers, and rollers. The contrast between Scarabaeinae and Aphodiinae was representative both of the faunistic segregation occurring in Europe, where Scarabaeinae are largely restricted to the southern Mediterranean region, and Aphodiinae are well distributed all over the continent (Hanski 1986 (Hanski , 1991a Lumaret and Kirk 1991; Lobo et al. 2002 Lobo et al. , 2004 , and the conspicuous altitudinal shift occurring in the mountain ranges of southern Europe (Martṍn-Piera et al. 1992; Jay-Robert et al. 1997; Errouissi et al. 2004b ) and Central America (Martṍn-Piera and Lobo, 1993; Lobo and Halffter, 2000) . Consequently, it can be assumed that the spatial distribution of Aphodiinae and Scarabaeinae species was constrained by broad ecophysiological requirements that can be related to the history and biogeographical origin of subfamilies (Lobo and Halffter 2000) .
The main phenological turnover occurred between September and October, i.e., at the same period as in central (Wassmer 1994 ) and northern Europe (Finn et al. 1999 ). Contrary to the spatial distribution that results from the correspondence between ecophysiological requirements and climatic conditions, it can be assumed that the phenology results more directly from an intrinsic biological clock (timing of adult activity and preimaginal development) and that it is consequently more conserved.
The large-bodied Geotrupinae and Scarabaeinae rollers showed longer adult activity periods (estimated by standard error) but opposed temporal dynamics. Adult Geotrupinae [except Geotrupes spiniger (Marsham), which was only present at the lowest elevation] were mainly active in spring and summer, and their larvae hibernate at a subadult stage to pass the low winter temperatures (Lumaret 1978, Paulian and Baraud 1982) .
For thermophilous Scarabaeinae rollers, their aim is to avoid summer when dryness prevents burial (Lumaret and Kirk 1991) . In southern France Scarabaeus laticollis L. and Sisyphus schaefferi (L.) have a typical bimodal activity period (spring/autumn) and their spring activity is more intense in the coldest sites (Lumaret and Kirk 1987) . The autumnal activity observed in southwestern Alps could indicate the presence of Scarabaeinae in the upper Verdon valley was partly due to beetles migrating from warmer sites located at lower elevations, as already observed in the northern Alps (Lumaret and Stiernet 1991) .
tk;2Adult Scarabaeinae tunnelers were mostly active in springÐsummer and showed a conspicuous high degree of phenological overlap between species. This synchronism, which has been observed in central Europe (Wassmer 1994 , Sowig 1997 , was probably induced by temperature that represents a constraint for adult activity and larval development. Combined with the closeness of their spatial distribution, such a high degree of temporal coexistence suggests competition did not actually affect the local coexistence of species within Scarabaeinae.
In contrast, Aphodiinae showed the highest phenological segregation among related species. Such time spacing has been observed in central Europe (Wassmer 1994) and in the Balearic Islands (Palmer 1995) . It might suggest phenological diversity within Aphodiinae could allow the co-occurrence of so many sympatric species (Wassmer 1994 , Tokeshi 1999 . Considering Aphodiinae are mostly dwellers that have to share food and space among adults and larvae (Cambefort and Hanski 1991, Finn and Gittings 2003) , their segregation could be interpreted as the consequence of current competition within assemblages. However, this interpretation would not be coherent because analysis of spatial distribution has shown that competition within subfamilies was negligible. A more reliable hypothesis would be to conclude that Aphodiinae time spacing is an inherited evolutionary trait due to past diversiÞcation of Aphodiinae in a seasonal climate. In the same way, the high synchronism of Scarabaeinae adult activity should be the consequence of an original speciation in a hot climate without thermal season (i.e., tropical).
To conclude, even though this study revealed a cluster distribution similar to results obtained in the tropics (Krell et al. 2003 , Krell-Westerwalbesloh et al. 2004 , we suggest that the processes leading to this cluster distribution may be different. In the southern Alps, there is no reason to suggest that interspeciÞc competition was a major organizing force in dung beetle assemblages. On the contrary, the distribution of subfamilies was most strongly related to conserved traits. In addition, Palestrini et al. (1998) experimentally showed the presence of large species (Geotrupinae or Scarabaeinae) on the Italian slopes of southwestern Alps had no effect on the abundance of small species (Aphodiinae).
